To assess whether sparing neck-level IB in target delineation of node-positive (N +) oropharyngeal carcinoma (OPC) can improve xerostomia outcomes without compromising locoregional control (LRC).
T he rate of subclinical neck-level IB nodal involvement in node-positive (N +) oropharyngeal carcinoma (OPC) is low. [1] [2] [3] The level IB nodal region includes the submandibular glands (SMGs) and lies in proximity to the oral cavity.
Therefore, we postulated that the level IB nodes may be spared from radiation treatment with the goal of reducing toxicity.
Late xerostomia is the most common adverse effect of intensity-modulated radiation therapy (IMRT) for OPC. 4 A phase III multicenter randomized controlled trial (PARSPORT) showed improved observer-rated xerostomia and improved quality of life when using parotid-sparing with IMRT. 5 Sparing additional major and minor salivary glands may further improve xerostomia. [6] [7] [8] The SMGs produce saliva in the nonstimulated state and the minor salivary glands produce mucin, both of which may be inhibited by current treatment methods. 9, 10 However, a number of uncertainties remain concerning the actual benefits from sparing these salivary glands. 11 The purpose of this study is to evaluate whether sparing bilateral IB nodes in OPC N + disease can improve xerostomia outcomes, in particular, patient-reported outcomes without compromising locoregional control (LRC). A secondary objective is to correlate dosimetric parameters with xerostomia outcomes.
MATERIALS AND METHODS

Patient Selection
This study is focused on patients with N + OPC who were consecutively treated with definitive IMRT at our center between May 2010 and December 2011. Patients were excluded if they had level 1 nodal involvement (n = 11), N3 disease (n = 3), prior head and neck irradiation (n = 21), distant metastasis on presentation (n = 3), histology other than squamous cell carcinoma (n = 5), gross total resection (n = 24), or neck dissection before radiation therapy (n = 3). In total, 125 patients were included in this analysis. All patients were staged according to the American Joint Committee on Cancer 7th edition with a complete history, physical examination, focused head and neck evaluation, direct flexible fiber-optic endoscopic examination, complete blood counts, liver function tests, chest x-ray, and dental evaluation. In addition, computed tomography (CT) and/or MRI of the head and neck region as well as positron-emission tomography (PET)/CT were typically obtained.
Sparing of Low-risk Nodes
Treatment plans were reviewed for coverage of bilateral level IB nodes according to the Radiation Therapy Oncology Group consensus guidelines ( Fig. 1 ). 12 Target delineation sparing of neck-level IB was performed by limiting elective treatment of the ipsilateral IB to the posterior half or the perisubmandibular gland portion. 1 The clinical target volume and planning target volume (PTV) may extend into the posterior aspect of level IB to provide sufficient coverage when a node is abutting level IB ( Fig. 1 ). Sparing ipsilateral neck-level IB started at our institution in May 2010. However, the practice of sparing had not been implemented by all treating radiation oncologists within our institution, which allows us to perform this analysis. Level IB was never spared with disease extension into the oral cavity or level IB nodes. After retrospective review of treatment plans, patients were divided into 2 cohorts: sparing of bilateral level IB (the spared cohort) versus no sparing of bilateral level IB (the treated cohort). Dose constraints were also applied to the oral cavity more consistently in the spared cohort. Target delineation sparing of bilateral neck-level IB nodes was important in allowing treatment planners to meet those dose constraints. Additional target delineation sparing of the contralateral high-level II nodes were performed more consistently in the spared cohort.
Chemotherapy
Chemotherapy was administered concurrently in all but 1 patient (99%) due to pretreatment thrombocytopenia. Patients received high-dose cisplatin alone (n = 82, 65.6%), consisting of 100 mg/m 2 for a planned 2 or 3 cycles; cetuximab alone (n = 9, 7.2%), administered as an initial loading dose of 400 mg/m 2 followed by 7 weekly cycles administered at 250 mg/m 2 ; cisplatin and bevacizumab (n = 11, 8.8%), administered at 100 mg/m 2 and 15 mg/kg, respectively, in 2 to 3 cycles; and other chemotherapy regimens (n = 20, 16.0%), which consisted of paclitaxel/carboplatin (n = 6), paclitaxel/ cetuximab (n = 5), carboplatin/5-fluorouracil (n = 4), paclitaxel/ cisplatin (n = 2), docetaxel/cisplatin (n = 1), and carboplatin alone (n = 2).
IMRT
The guidelines for treatment planning have been described in detail. 13, 14 Briefly, all patients were treated with IMRT with a median dose of 70 Gy to the PTV (PTV70), 59.4 Gy to the high-risk subclinical disease (PTV59.4), and 54 Gy to the low-risk subclinical disease (PTV54). The median dose per fraction was 2.12 Gy to the PTV70, 1.8 Gy to the PTV59.4, and 1.64 Gy to the PTV54.
Self-reported Assessments
A prospective, previously validated, self-reported xerostomia questionnaire (XQ) that was approved by our Institution Review Board was collected during patient visits. 15 The XQ consisted of 9 questions (Table 1) in which patients rate each item on a scale of 0 to 10; the higher the score, the worse the xerostomia. These scores were then averaged and converted to a summary score scaled from 0 to 100. The XQ was collected at patient pretreatment and follow-up visits starting in June 2011. The first completed questionnaire between 9 and 24 months after day 1 of radiation treatment was used to represent self-reported late xerostomia.
Observer-rated Assessments
Late toxicities were assessed by the treating radiation and medical oncology physicians using the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0 in posttreatment follow-up visits. The maximum late xerostomia grade was used for analysis.
Follow-up and Response Assessment
Follow-up visits were planned for 4, 8, and 12 weeks after completion of treatment, then 3 months for 2 years, followed by every 6 months thereafter. At follow-up visits, physical 
Dosimetric Analysis
Dosimetric analysis of the salivary glands was performed. Mean doses of the parotid glands, SMGs, and oral cavity were evaluated. The oral cavity was defined as including the base of the tongue, the floor of the mouth, and the hard palate and did not exclude gross tumor volume. 16 
Statistical Analysis
Differences in proportions of treatment characteristics were determined using the w 2 test. The comparison of mean values of questionnaire scores and doses was assessed using the 2-tailed t test. Correlation between doses and questionnaire scores were determined using the Pearson correlation. LRC, freedom from distant metastasis, and overall survival were determined using the Kaplan-Meier method. Time to events was calculated from the first day of radiation treatment. Table 2 . Among the 125 patients, 40 patients were in the spared cohort and 85 patients were in the treated cohort. No significant differences in patient or disease characteristics were found between the 2 cohorts.
RESULTS
Patient characteristics are listed in
LRC
With a median follow-up of 23.2 months, the 2-year LRC for the spared cohort and the treated cohort was 97.5% and 93.8%, respectively (Fig. 2 ). All locoregional failures in the spared cohort occurred within treated volumes with a median time to failure of 2.5 months. No patient experienced a locoregional recurrence outside of the treatment fields. The spared cohort had only 1 locoregional failure, which occurred in an ipsilateral level II node that had been treated to 70 Gy.
XQ and Dosimetric Analysis
In total, there were 87 (70%) patients with evaluable questionnaires completed between 9 and 24 months after the start of radiation treatment. The completion rates for the spared and treated cohorts were 68% and 71%, respectively. The mean time to questionnaire completion for the spared and treated cohorts was 11.3 and 13.0 months, respectively.
Patients in the spared cohort reported less xerostomia toxicity compared with patients in the treated cohort based on XQ summary scores (39.5 vs. 52.4; P = 0.021); where lower scores indicate better salivary function ( Table 3 ). The spared cohort received lower mean doses to the ipsilateral SMG (63.9 vs. 70.5 Gy; P < 0.001), contralateral SMG (45.0 vs. 56.2 Gy; P = 0.001), and the oral cavity (36.1 vs. 45.2 Gy; P < 0.001) ( Table 3) .
Mean doses to the contralateral SMG (P = 0.012) and contralateral parotid (P = 0.047) correlated with XQ summary scores. Mean doses to the oral cavity (P = 0.0138) and the ipsilateral parotid (P = 0.161) showed a trend toward correlation with XQ summary scores. Mean doses to the ipsilateral SMG (P = 0.688) did not correlate with XQ summary scores.
Observer-rated Late Xerostomia
Patients in the spared cohort experienced a lower grade of observer-rated late xerostomia (1.4 vs. 1.7; P = 0.006) ( Table 3 and Fig. 3 ). Observer-rated xerostomia correlated with XQ summary scores (P = 0.039) and doses to the contralateral parotid gland (P = 0.023).
Distant Metastasis and Overall Survival
The 2-year freedom from distant metastasis in the spared cohort versus the treated cohort was 97.3% versus 93.9%, respectively. The 2-year overall survival in the spared cohort versus the treated cohort was 92.7% versus 90.2%, respectively (Fig. 2 ).
CONCLUSIONS
The rate of subclinical disease in bilateral level IB N + OPC has been shown to be low; however, it remains unclear whether sparing these low-risk nodes can reduce toxicity without resulting in unwarranted failures. In this study, we report significant benefits in patient-reported quality of life outcomes when omitting prophylactic radiotherapy to level IB lymph nodes. Target delineation sparing of level IB nodes reduced mean doses to the SMGs and the oral cavity without compromising 2-year LRC. In addition, no locoregional failures occurred in untreated fields.
We were able to achieve a mean dose of <50 Gy to the contralateral SMG and <40 Gy to the oral cavity through the sparing of level IB. Our data showed that lower mean doses to the contralateral SMG correlated with xerostomia outcomes, which has been also reported by several other studies. 6, 7, 17, 18 Mean doses to the oral cavity also showed a trend in predicting xerostomia outcomes and is consistent with the literature. 15, 18 Although no clear threshold exists, these mean dose levels have been associated with improved xerostomia outcomes. 18 Our data did not show a correlation between xerostomia outcomes and mean doses to the ipsilateral SMG. Thus, a reduction in mean dose from 71 to 64 Gy may not be clinically significant. The normal tissue complication probability of SMGs needs to be further investigated, as current predictive models of SMG dose and xerostomia are imprecise. 11 Additional factors may have contributed to the lower doses to the salivary organs including the use of dose constraints in the oral cavity and the target delineation sparing of the contralateral high-level II nodes. Both of these factors were more consistently performed in the spared cohort. Our data did show a correlation between lower mean dose to the parotid gland and xerostomia outcomes, which is also consistent with the literature. 11 Sparing of the ipsilateral IB nodal level has remained controversial, with a previously published series showing a moderate rate of subclinical level IB involvement in an era before routine cross-axial and PET imaging. 19 Our study found that sparing the uninvolved level IB nodes did not result in worse LRC, which supports the notion of a very low risk of subclinical disease in level IB as reported by Sanguineti et al. 1 Even though the Johns Hopkins Hospital series included only early T-stage disease, our study included 15% T3 and 3% T4 disease in the spared cohort with promising results. However, this is a limited sample size of T3-T4 disease and therefore more data are required. It is important to note that we excluded patients with direct tumor involvement in IB and/or those with disease extension into the oral cavity, which drains into the IB nodes.
A significant majority of our patients with known human papillomavirus (HPV) status were HPV positive, which has important effects on outcomes. 20 Patients with HPV-positive tumors are living much longer and, therefore, late treatment toxicities will have a greater impact on quality of life outcomes. Thus, we need to consider treatment deescalation as the demographics of our population changes and OPC continues to shift from an etiology based on tobacco to an etiology based on HPV.
Limitations to this study include nonrandomization and a lack of pretherapy xerostomia scores. An analysis of xerostomia outcomes relative to baseline scores is currently ongoing. Furthermore, dose reductions to several salivary organs limit our ability to isolate the effect of the mean dose to the ipsilateral SMG on xerostomia outcomes.
In conclusion, our study found that target delineation sparing of bilateral level IB nodes in OPC reduces mean dose to the SMGs and the oral cavity without compromising LRC. Patients with reduced target delineation volumes experienced better xerostomia outcomes.
